Although raccoons (Procyon lotor) were originally categorized as solitary carnivores, recent evidence shows that some raccoons have overlapping home ranges, travel in groups, and share dens. Moreover, raccoons use communal latrines and scent mark, suggesting that chemical signals may be important for communication. Using a familiarization-discrimination technique we investigated whether raccoons can discriminate individual differences in the odors of conspecific urine or feces. The subjects were wild caught (n ¼ 10 raccoons for urine experiments; n ¼ 8 raccoons for feces experiments) and tested in a large outdoor enclosure. We demonstrated that raccoons can distinguish individual differences in the odor of unfamiliar and unrelated conspecific urine, but not in the odor of feces. Gas chromatography was also done on the urine samples to look for chemical differences. The gas chromatograms showed visible differences and qualitative as well as quantitative differences in chemical composition. This is the 1st study to determine that raccoons can distinguish individual differences in chemosensory cues. This opens the door to future research on the role of olfaction in raccoon social organization.
Chemical communication is based on the idea that an individual's urine, feces, glandular secretions, and/or scent marks contain information that may include the species, age, sex, reproductive condition, health status, or individual identity of the marker (Halpin 1980; Brown and MacDonald 1985) . The most unique information found in odors is individual identity, which is only communicated through odors of sufficient complexity to be individually distinctive. The ability to discriminate individual odors has been found in many mammalian species including, but not limited to, mice, Mus musculus (Bowers and Alexander 1967) ; the Mongolian gerbil, Meriones unguiculatus (Halpin 1974) ; pronghorn antelope, Antilocapra americana (Müller-Schwarze 1974); Columbian ground squirrels, Urocitellus columbianus (Harris and Murie 1982) ; bannertail kangaroo rats, Dipodomys spectabilis (Randall 1987) ; golden hamsters, Mesocricetus auratus (Johnston et al. 1993) ; and ringtailed lemurs, Lemur catta (Mertl 1975; Palagi and Dapporto 2006) . In these species and others, the sources of discriminable odors are urine, feces, and secretions from many specialized exocrine glands (Halpin 1980) . For example, Halpin (1974) demonstrated that Mongolian gerbils can distinguish individual differences in urine odors, ventral gland odors, and whole body odors of conspecifics. In golden hamsters, Johnston et al. (1993) found odors sufficient for individual discrimination in flank and ear gland secretions, vaginal secretions, urine, and feces.
In carnivores, individual odors have been described for several species, including African dwarf mongooses, Helogale undulata rufula (Rasa 1973) ; the small Indian mongoose, Herpestes auropunctatus (Gorman 1976) ; wolves, Canis lupus; and dogs (Brown and Johnston 1983) . Individual odors in carnivores can have several different functions such as allowing an individual to discriminate among members of its own social group or between neighbors and strangers (Buesching et al. 2002) . Additionally, individual odors have been found to be used in food-caching behaviors (Harrington 1981) , and may be used for mate identification (Woodley and Baum 2004) . They also may facilitate the formation of dominance hierarchies and the establishment and maintenance of territories (Zub et al. 2003) . On the basis of the ability to distinguish among the odors of individuals and on the memory of previous interactions, an individual may respond to multiple other individuals differently and may form consistent relationships with several different individuals. w w w . m a m m a l o g y . o r g 1254 Almost 30 years ago, MacDonald (1985) wrote that the understanding and study of social odors and their functions among the Procyonidae is even more fragmentary than among other carnivore families; this observation continues to be true even today. In the raccoon, Procyon lotor, the best known member of the family Procyonidae, most reports of scent marking have been anecdotal or based primarily on descriptive studies (Davis 1907; Ough 1982) . Specifically, there is a paucity of information about the functions of social odors or an individual's ability to discriminate and gain information from social odors. At the same time, there is increasing evidence of social behaviors in raccoons, which brings to relevancy the role that social odors may be playing in their interactions. Our study is the first, to the best of our knowledge, to attempt a manipulative, experimental study of a possible function of chemosignals in this species.
Raccoons are nocturnal carnivores with a varied, omnivorous diet. They spend their days in arboreal or underground dens and emerge at dusk to feed during the night. Females and males are rarely found together outside of the breeding season but they do have overlapping home ranges (Steuwer 1943; Gehrt and Fritzell 1997; Walker and Sunquist 1997; Kamler and Gipson 2003) . Moreover, males (whether genetically related or not) form coalitions that defend a territory communally, and share resources, dens, and possibly access to females (Gehrt and Fritzell 1998; Gehrt et al. 2008; Pitt et al. 2008) . Raccoons have been observed to display scent-marking behaviors, including the deposition of odorous anogenital rubs, neck rubs, urine and feces, and the utilization of communal latrines (Davis 1907; Ough 1982) . Their anal glands are similar to those found in dogs, and it has been suggested that they also have important glands in their hands (MacDonald 1985; Gehrt 2003) . The social organization of this species, coupled with evidence of extensive scent marking, suggests that olfactory communication may be an important factor affecting sociospatial behavior in male raccoons.
The objectives of this study were to determine if raccoons could discriminate individual differences in urinary and fecal odors of conspecifics, and to determine whether individual urine samples are chemically distinct. We predicted that raccoons would spend more time investigating unfamiliar male odors as compared with familiar male odors and that urine samples would show chemical differences among individuals.
MATERIALS AND METHODS
Urine and feces collection.-Fifteen urine and 16 feces samples were collected from 29 wild-caught male raccoons from July 2008 to April 2009 by the veterinary staff at the St. Louis Zoo. Trapping was opportunistic and raccoons were classified as adults, subadults, or juveniles on the basis of tooth wear and body condition. Animals were anesthetized with a ketamine injection and feces were collected using a fecal loop inserted into the rectum. The feces were placed in small plastic bags and frozen at À208C immediately after collection. Urine was collected through cystocentesis, inserting a needle through the body wall into the bladder. Urine was placed in plastic centrifuge tubes, sealed, and frozen at À208C immediately after collection. These samples were used for both the discrimination tests and the gas chromatography (GC) analyses.
Test subjects.-Test subjects consisted of healthy, wildtrapped, subadult or adult male and female raccoons. A total of 23 animals was trapped from September 2008 to May 2009, 14 males and 9 females. These animals were distinct from the odor donors; that is, no odor donors were used as subjects and no subjects were odor donors. Whenever possible, test subjects were trapped near the test site to reduce the stress of being in a novel environment during the tests. However, due to low rural population densities, only a limited number of raccoons could be obtained on site and some had to be brought in from surrounding areas within 60 km. Raccoons were aged by observation of tooth wear, body condition, and the visibility of nipples or testicles during the breeding season (Grau et al. 1970) . No lactating females or juveniles under 6 months of age were used as test subjects. An individual's data were not used if the subject did not investigate the 1st box during the familiarization phase, did not investigate both boxes during the discrimination phase (see below for details of testing procedure), or escaped during the night. Consequently, from the 23 individuals trapped and held for a maximum of 72 h, we obtained 10 nights of successful urine tests with 4 female and 6 male subjects, and 8 nights of feces tests with 3 female and 5 male subjects.
Familiarization-discrimination procedure.-Tests were conducted September-October 2008 and March-May 2009 in large outdoor enclosures specifically designed for holding raccoons. These enclosures were located at wildlife rehabilitation facilities in Omaha, Nebraska and Shiloh, Illinois. The facility in Omaha had 2 enclosures in 2 separate locations, approximately 70 km apart. The 1st enclosure was a 3.6-m cube with a wood frame and was covered in 12-3 6-cm welded stainless-steel mesh. The 2nd enclosure was 3.6 m long, 1.5 m wide, and 2.4 m tall. This enclosure had a metal frame and all sides were covered by 2-3 1-cm plastic-coated wire mesh. The enclosure in Shiloh, was 3 m long, 1.8 m wide and 2.4 m tall and consisted of a metal frame covered in chainlink fence. The tops of all the enclosures were covered with boards or plastic to provide shelter from the elements. Inside each enclosure was a basin of water, a den-like shelter, and food provided ad libitum. All of the enclosures were frequently visited by local wildlife, including, but not limited to, raccoons, opossums, skunks, and feral cats. Thus, the testing situation was kept as close to a natural setting as possible.
Before and after each test, feces and soiled bedding were removed and all contents and surfaces within the enclosures were cleaned with a combination of water, bleach, and dish soap. Because these outside enclosures had hard-packed dirt floors, we swept the floors after each test and sprayed them with bleach. However, we did not otherwise attempt to sanitize the floors and we cannot be sure that we were able to eliminate all other naturally occurring odors that might have been present. We felt that because the cages were located in the raccoons' natural habitat, it was not necessary or possible (and indeed may have been rather unnatural) to try to remove every possible odor occurring naturally within the enclosure. Floors and other surfaces were allowed to air dry completely before a new test was run.
Test subjects were housed for a maximum of 72 h in the enclosure. After testing was completed, subjects were released where they had been trapped.
The odors were presented to test subjects in a locked metal security box (4.75 cm high 3 16.8 cm wide 3 17.8 cm deep) with 5-mm holes drilled through all 6 sides at 2-cm intervals. Inside the box, a petri dish, perforated with 80 2-mm holes on top and bottom, was suspended from the top of the box by a screw and nuts assemblage so that it was equidistant from all sides and was held in place securely to limit noise production when jostled. To prevent disease transmission, the design of the apparatus assured that the test subject had no direct contact with the odor sources. Odor sources were allowed to thaw outdoors for 1 h before use. If the ambient temperature was too cold for natural thawing, the sample vials were dipped in a warm water bath until just above freezing. No effort beyond this was made to warm the odors above the outdoor ambient temperature. To ''load'' the box, 15-20 drops of urine or onefourth teaspoon of moist feces were deposited on a 10-cmdiameter piece of filter paper that was then placed inside the petri dish and locked inside the box. Urine and feces were deposited using disposable pipettes and plastic spoons. Before and after each use the test apparatus was cleaned with antibacterial dish soap, bleach, and water and rinsed with 95% ethyl alcohol. Fresh surgical gloves were used any time that urine, feces, or the stimulus boxes were handled.
The most frequently used technique to investigate the occurrence of individual odors and the ability of conspecifics to discriminate individual differences in odors is habituationdiscrimination (Halpin 1974) . In this technique, the subject is given time to habituate to the 1st odor source, defined as a gradual decrease in the time spent investigating the odor, and then the 1st odor (odor A) is simultaneously re-presented with an unfamiliar odor (odor B). If the test animal spends more time investigating the 2nd, unfamiliar odor B as compared with the first, habituated odor A, it can be inferred that it can discriminate differences in the 2 odors. If the test animal responds randomly to the 2 odors, then it either cannot discriminate between them, or chooses not to do so. The model tests only for discrimination between 2 odor samples and says nothing about preference or recognition of an individual (see Halpin 1986 for a discussion of the definition and testing of true individual recognition). Thus, habituation-discrimination is used as a proxy to test whether subjects, when presented with pairs of odors, can tell the difference between the odors of any 2 randomly chosen individuals.
Further evidence of the robustness of this methodology is that when a subject is presented with odor from 1 individual A, subsequent presentations of the same odor A do not elicit increased investigatory behavior; investigation increases only when the animal is exposed to the odor of a different individual, odor B (e.g., Newman and Halpin 1988; Johnston et al. 1993) .
When habituation, as defined above, cannot be established, a simple familiarization period may be substituted for the habituation phase. Habituation may be hard to establish due to the relative speed at which the animal can learn an odor, or because animals in large seminatural enclosures tend to move constantly and do not concentrate primarily on sniffing the odors. This was the case in our study; the raccoons were extremely active and the amount of time spent sniffing the test odors was relatively brief. There were not always enough data points to clearly demonstrate habituation.
Familiarization has been shown to effectively increase a subject's ability to discriminate between 2 odors (Jehl et al. 1995) . Specifically, familiarization tests have been used to demonstrate discrimination of odors in a variety of species (e.g., rats -Engelmann et al. 1995; humans-Jehl et al. 1995 ; marmoset monkeys, Callithrix jacchus- Smith et al. 1997; dogs-Lisberg and Snowdon 2009) .
The familiarization-discrimination tests had 2 phases, a familiarization phase and a discrimination phase. During the familiarization phase, one loaded odor box (containing odor from donor A) was placed in the raccoon's enclosure for 2 h, allowing ample time for investigation. This 1st box was always introduced within one-half hour before or after dusk. Investigation was defined a priori as sniffing the ground immediately next to the box, sniffing directly over the box, nose-box contact, or manipulation of the box. This was a deliberately conservative measure because it is very possible that raccoons could smell the odors from a distance, but we could not accurately record this. Thus, to ensure that all subjects had become familiar with odor A, we only used data from raccoons that had been observed investigating this 1st odor. If a raccoon never investigated the box during the familiarization phase, the test was aborted and we did not proceed to the discrimination phase.
Immediately after the familiarization phase, a 2nd box was added to the enclosure; this new box contained an unfamiliar odor (odor from donor B) of the same type, urine or feces, as the 1st odor. The boxes were placed 60 cm apart, and in different locations from that of the 1st box. This controlled for possible effects that could have occurred simply as a result of familiarization with the location of the box (as opposed to familiarization with odor A). The locations of odor A and odor B were also randomized between tests to avoid side biases. Since manipulation or direct contact with the box was extremely rare during the familiarization phase, there was no reason to believe the subjects had contaminated the box. Therefore, we used the same odor A box for both phases of the test. As an additional control, all odors used had the same exposure period between deposition on the filter paper and introduction to the test animal to avoid artificial differences in odor strength. That is, both odors were loaded into the boxes at the same time, such that odor B had already been loaded for 2 h before placing it in the enclosure for the discrimination phase.
The discrimination phase was recorded for 6 h (but see below) and after each trial, the filter papers, pipettes, and gloves were disposed of as biohazards.
The familiarization-discrimination tests were recorded using infrared cameras and 8-h VHS tapes. These tapes were then scored for frequency and duration of investigation of each odor box during the 2-h familiarization and 2.5-h discrimination phases. In initial observations during which we recorded for 6 h, it became apparent that most investigation occurred during the first 2.5 h of the discrimination phase. Therefore, 2.5 h after the introduction of the 2nd box was considered the discrimination phase for all subsequent tests. There was one exception: one subject did not leave the den until 4 h into the discrimination phase. Since it is unlikely that the individual could detect the odors while so far removed, we measured the 2.5 h from the time of 1st emergence. To ensure consistency and accuracy, tapes were scored by LK, and also independently by an undergraduate assistant with no knowledge of the location of odor A or B. Any minor discrepancies were resolved by rewatching the tapes in question and rescoring the investigatory behavior.
Each raccoon serving as a subject was tested once with urinary odor and once with fecal odor. The order in which these odor tests were conducted was randomized to control for order effects. Each subject was used in only one test with urine and one test with feces. In the end, this resulted in 10 different raccoons being tested with urine and 8 different raccoons being tested with feces.
We used the Wilcoxon signed rank test (Z) in SPSS 17.0 (SPSS Inc. 2008) to evaluate differences in time spent investigating odor A versus odor B in the discrimination phase. All analyses were conservatively 2-tailed and we used exact tests as suggested by Mundry and Fischer (1998) . A significantly greater amount of time spent sniffing odor B during the discrimination phase was considered positive discrimination of the odors by the test subjects, meaning that the 2 odors were sufficiently different that the raccoons could discriminate between them. In all cases, significance was set at P 0.05.
GC procedure.-Nine urine samples were selected at random for analysis. Each urine sample was individually removed from the freezer and allowed to warm to room temperature. Next, 3 ml of the urine was transferred to a 20-ml vial that was immediately sealed with a rubber septum. Then a 75-lm fused silica solid-phase microextraction fiber coated with carboxen/polydimethysiloxane (CAR/PDMS; Sigma Aldrich, St. Louis, Missouri) was inserted through the septum and exposed to the air within the sealed vial. CAR/ PDMS fibers were exposed to samples for up to 16 h at room temperature (mean ¼ 11.7 h, range 7.5-16 h). This exposure time was chosen after many initial test runs showed that the signal was much stronger after 6 h of exposure and the peaks remained consistent for up to 24 h after the urine had warmed to room temperature. After 24 h the signal gradually died out. After the exposure period, the fiber was immediately injected into a Hewlett-Packard 5890 gas chromatograph (Agilent Technologies, Santa Clara, California) fitted with a flame ionization detector and a fused-silica capillary column coated with 5% phenyl, 95% dimethylpolysiloxane (J&W DB-5 ms, 30 m, 0.25-mm inside diameter, 0.25-lm film thickness; Agilent Technologies). The injector and detector were set at 2508C and a temperature program was run with an initial time of 3 min at 508C, then an increase to 2308C at 58C per min and a final time of 3 min at 2308C. The carrier gas was helium maintained at 10 psi inside the column and the machine was run in splitless mode. All samples were run twice consecutively to confirm results.
All peaks shared by at least 3 individuals were selected for quantitative comparison, giving a total of 51 selected peaks. Peak areas were integrated using Hewlett-Packard ChemStation (Agilent Technologies 2000). The area under each peak was then divided by the total peak area in the spectrum, giving a measure of relative concentration of each chemical or group of chemicals represented by a peak. Chemicals for which relative concentrations were , 0.01% were omitted due to unreliable quantification at such low amounts as suggested by Smith et al. (2001) . For the 2 runs of the same urine sample, these relative concentration percentages were averaged for each peak, the standard deviation between them calculated, and a relative standard deviation (RSD ¼ [SD/X] 3 100) was calculated to establish the control level of variation between runs for each peak (Sun and Müller-Schwarze 1998; Zhang et al. 2003) .
If the 2 gas chromatograms were identical, RSD values should be zero. The higher the RSD value, the greater the variation in relative concentrations of the compounds as measured by peak area, between the chromatograms. Because GC runs using temperature programming naturally vary slightly, it is reasonable to find variation in RSD values even when comparing runs of the same sample (Zhang et al. 2003) .
To compare between individual samples, all 18 gas chromatograms were randomly sorted into nonmatching pairs, and RSD values were calculated using the relative concentrations for all 51 peaks. If a peak was not shared by the 2 individuals, the peak was omitted from the analysis. A mean RSD value for each peak was calculated among the 9 pairs for the control and the between-individuals analysis. If RSD values were not available for more than 3 of the 9 nonmatching pairs, then the peak was omitted. This left 45 peaks with mean RSD control values and mean RSD between-individuals values. The mean RSD control values were compared with the mean RSD between-individuals values using a Wilcoxon signed rank test (Z) in SPSS 17.0 (SPSS Inc. 2008) .
This research was approved by the Institutional Animal Care and Use Committee at the University of Missouri-St. Louis and followed the American Society of Mammalogists guidelines for care and use of live animals (Sikes et al. 2011) .
RESULTS
The raccoons showed the ability to discriminate individual differences in urinary odors (Z ¼ À2.10, P ¼ 0.039; Fig. 1 ).
Overall, subjects spent on average twice as much time investigating the unfamiliar urinary odor (odor B) as compared with the familiar urinary odor (odor A) during the discrimination phase. There was no difference in the discrimination abilities of male and female subjects; therefore our analysis was performed on both sexes together. Although our subjects spent very little time (seconds) investigating the odors, this is not unusual in studies of this kind, even when animals (such as rodents) are tested in small laboratory arenas with no obvious distracting stimuli (e.g., Tang-Martinez and Bixler 2009 with Microtus ochrogaster). In the current experiment, raccoons were continuously exposed to a myriad of competing stimuli because the test enclosures were located within their natural habitats and it was not possible to isolate the subjects from other stimuli in their environment. Nonetheless, the differences in the amount of time spent sniffing urine odors A and B were consistent and clear.
Through visual inspection of the chromatograms, the chemical compositions of the urine samples of the 9 raccoons chosen at random appeared individually distinctive. Four representative chromatograms of 2 subadults and 2 adults are shown in Fig. 2 . Not only did there appear to be a difference in the chemicals present (qualitative differences), but commonly repeated chemical signatures (i.e., peaks) showed different strengths (quantitative differences). Of the 51 peaks selected for analysis, 26 are present in all 9 samples. Within the other 25 peaks, qualitative differences are seen: 7 of the peaks are present in only 8 samples, 5 are present in only 7 samples, 4 are present in only 6 samples, and 9 are present in 5 or fewer samples.
In the analysis of quantitative differences, mean RSD control values ranged from 11.69 to 44.99 (X ¼ 25.79). Mean RSD between-individuals values ranged from 20.48 to 111.44 (X ¼ 55.73). The mean RSD values were significantly greater in the between-individuals analysis than in the control (Z ¼À5.762, P , 0.0001; Fig. 3 ). Higher mean RSD values show a greater variation in the relative concentrations of compounds, or quantitative differences between chromatograms. All but 1 peak showed a higher mean RSD value for the betweenindividuals comparison than the control. In a preliminary GC-mass spectrometry test we found that the peaks obtained were consistent with volatile hydrocarbons and sulfur and nitrogen compounds. However, no further tests were run to identify or further characterize the specific chemicals observed.
Raccoons did not show individual discrimination of fecal odors (Z ¼À0.677, P ¼ 0.547; Fig. 1 ). Although subjects spent similar amounts of time investigating fecal and urinary odors (i.e., in the 2 different types of tests), large variances resulted in clearly insignificant results in time spent investigating fecal odors A and B.
DISCUSSION
The raccoons in this study exhibited clear discrimination between familiar and unfamiliar urinary odors. Since sex was controlled for (i.e., all odor donors were male), this discriminatory response indicates the perception of differences likely based on a combination of genetic differences, diet, and reproductive status (Halpin 1986) .
Other studies using similar techniques have found discrimination of individual differences in urinary odors in a wide variety of species including the mouse (Bowers and Alexander 1967) ; Mongolian gerbil (Halpin 1974) ; Norway rat (Carr et al. 1976) , sheep, Ovis aries (Baldwin and Meese 1977) ; eastern chipmunk, Tamias striatus (Keevin et al.1981) ; wolf and dog (Brown and Johnston 1983) , prairie vole, M. ochrogaster (Newman and Halpin 1988) ; and golden hamster (Johnston et al. 1993 ). However, these findings do not directly indicate the presence of information in urine that is sufficient for individual recognition per se, defined as the learned discrimination between conspecifics (see detailed discussion in Halpin 1986 ).
The GC results support the behavioral results, indicating that there clearly are qualitative as well as quantitative chemical differences in urine; the behavioral results strongly suggest that the raccoons can discriminate these differences. Our results are consistent with chromatograms obtained in other studies of individual odors in mammals (e.g., black-tailed deer, Odocoileus hemionus columbianus [Müeller-Schwarze 1971] ; common marmosets, C. jacchus [Smith 2006 ]; ringtailed lemurs [Scordata et al. 2007] ). In these studies and others, GC showed that individually distinctive odors are very complex and likely represent individual odor profiles that are based on qualitative and/or quantitative differences in a variety of chemical components. It appears that it is the interactions of these highly complex mixtures of chemicals that result in the individually distinctive odor profiles that allow for individual discrimination by conspecifics.
The mean RSD between-individuals values in this study were similar to those found by Zhang et al. (2003) , who documented RSD values from 33.45 to 207.89 between individuals. Their mean RSD control values were slightly lower than those found in the present study, with values of , 10 for all but 3 peaks. The lowest mean RSD value reported in this study was 11.69. The higher control values reported here are possibly due to the variation in fiber exposure time between runs, which may have affected signal strength and thus peak area. With a high level of variation between control gas chromatograms, a similarly high level of variation between individual gas chromatograms would not be surprising. However, since the observed variation between individual gas chromatograms was significantly higher than the control variation, it is clear that the differences found between individual samples are due to chemical differences in the samples and not merely the influences of the machine or methodology.
Our results are consistent with the findings of Andersen and Vulpius (1999) with lion, Panthera leo, urine; Buesching et al. (2002) with badger, Meles meles, subcaudal glands; and Sun and Müller-Schwarze (1998) with beaver, Castor canadensis, anal gland secretions. These authors conclude that if quantitative variation in gas chromatograms is smaller between multiple runs from the same individual than between runs from different individuals, then that odor is suitable for characterizing individuality. Quantitative differences in a compound between individuals indicates that compound as a potential carrier of information.
Individual discrimination by odors can have important functions in many mammals (Halpin 1980 (Halpin , 1986 . For example, it can be important in group, kin, and mate discrimination, as well as in discrimination of neighbors versus strangers (Harris and Murie 1982; Halpin 1986; Newman and Halpin 1988; Hare 1992; Paz Y Miño and Tang-Martinez 1999) . In a few species, it also may play a role in mate choice and may function to avoid inbreeding or in choosing genetically advantageous mates (Tregenza and Wedell 2000; Yamazaki and Beauchamp 2007) .
Although there are, as yet, no studies investigating how raccoons may use individual odors, it is easy to hypothesize that the ability to discriminate individual differences in conspecifics' odors may confer many potential benefits to raccoons. These benefits could include the ability to discriminate kin to avoid inbreeding, to recognize individual coalition partners as well as mating partners, to discriminate noncoalition males when encountered in the coalition's home range, and to react appropriately to dominant individuals on the basis of remembered previous interactions. In addition, raccoons could benefit from discriminating specific family members, for example their mother, litter mates, and offspring.
Urine has a large potential for conveying information on individual variation because it contains both fixed (genomic) and variable (metabolic) factors. Metabolic fluctuations resulting from health, reproductive status, or diet may alter an odor signal, whereas fixed information reflects genetically fixed characteristics such as species, gender, and individuality (Thom and Hurst 2004) .
Metabolic factors may vary with the seasons. Though some body odors have been found to be stable throughout different seasons (e.g., genital odors in the ringtailed lemur- Scordata et al. 2007) , it is possible that changes in diet and/or bacterial flora can affect changes in urinary and fecal odors. We originally intended to trap raccoons more than once to test for changes in odors that might occur as a result of seasonal differences. However, we were not able to trap any of the raccoons more than one time; therefore, odor stability over time could not be tested. Halpin (1986) has argued that such changes are to be expected and are not problematic as long as conspecifics are able to track and learn odor changes as a result of continued associations. In a species like the raccoon, in which we now know that social interactions (particularly in male coalitions) are more common than we had assumed, tracking of seasonal changes in individual odors can be expected to occur fairly easily.
Our study is not intended to show that individual odors are immutable, or are not affected by other, nongenetic factors. Rather, our behavioral and chemical results demonstrate that, at any point in time, individuals produce different odors that can be detected by conspecifics. Nonetheless, future studies that address changes due to temporal factors such as seasonality and age would be useful to better understand the mechanisms of individual odor production and discrimination.
In the case of kin discrimination, individually distinctive odors that are learned early in life could allow discrimination of known kin, regardless of whether the odors are based on genetics or environmental influences (i.e., ''kin recognition by association,'' reviewed in Tang-Martinez 2001). However, for discrimination of unfamiliar kin from other unfamiliar conspecifics, some genetic basis for odors is necessary, possibly through an odor-genes covariance mechanism (Heth et al. 2001; Todrank and Heth 2003) .
Raccoons did not exhibit the ability to discriminate individual differences in fecal odors. Similar results have been found in Mongolian gerbils (Halpin 1974) ; eastern chipmunks (Keevin et al. 1981) ; prairie voles (Newman and Halpin 1988) ; river otters, Lontra canadensis (Rostain et al. 2004) ; and red pandas, Ailurus fulgens (Li and Wang 2006) . On the other hand, golden hamsters are able to discriminate individual differences in fecal odors (Johnston et al. 1993; Tang-Martinez et al. 1993 ).
An interesting question is why, in a majority of studies, feces have not been shown to contain individually distinct odors. The reason is not readily apparent, but at least 2 alternative hypotheses can be suggested. First, most habituation-discrimination studies on feces show a ''trend'' toward subjects spending more time investigating the 2nd odor, but this difference is not statistically significant. One possibility is that feces from different individuals do smell different, but the differences are sufficiently indistinct that the methods we use are not sensitive enough to pick this up. A second alternative is that diet contributes so much to any differences in fecal odors that feces are not reliable indicators of individual differences and are, therefore, ignored as a source of information by many species.
In conclusion, the urinary odors of the raccoon contain variation sufficient for individual discrimination, but fecal odors do not. Our experimental results, the first of their kind in a Procyonid, can be seen as opening the door to a variety of other studies. These would include experiments to determine possible adaptive functions of the ability to discriminate individual conspecific odors in raccoons (as detailed above); characterization of the complex mixtures of chemicals detected by our GC studies; bioassays to attempt to determine which chemicals and mixtures of chemicals are biologically relevant; and tests with controlled diets and with subjects of different ages tested throughout the different seasons. Additionally, we strongly recommend studies of individual differences using anal gland secretions. We initially attempted to test anal gland odors but the raccoons completely ignored these glandular secretions, possibly because they were obtained (by St. Louis Zoo personnel) by surgical extraction of the anal glands. It is conceivable that to be biologically relevant, anal gland secretions need to be deposited naturally. All of these studies would be important contributions to understanding the biological importance of the existence of individually different odors and the ability of raccoons to discriminate such differences among conspecifics.
